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(54) Title: PROTON CONDUCTING MEMBRANE, PROCESS FOR ITS PRODUCTION, AND FUEL CELLS MADE BY US- 
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(57) Abstract: A proton conducting membrane crosslinked by silicon -oxygen linkages, which is characterized by bearing (a) a 
carbon-containing organic- inorganic composite structure (A) covalently bonded to plural silicon-oxygen crosslinks and (b) an acid- 
containing structure (B) which bears acid groups and is covalently bonded to a silicon-oxygen crosslink and which is excellent 
in heat resistance, durability, dimensional stability, fuel barrier properties and so on and exhibits excellent protonic conductivity 
even at high temperature; fuel cells made by using the membrane; and a process for production of the membrane, characterized by 
comprising the first step of preparing a mixture containing an organic- inorganic composite crosslinkable compound (C) which bears 
plural crosslinkable silyl groups and carbon atoms covalently bonded thereto and an acid -containing compound (D) which bears a 
^5 crosslinkable silyl group and an acid group, the second step of forming the mixture into a film, and the third step of crosslinking the 
obtained film either through hydrolysis and condensation of crosslinkable silyl groups contained in the film or through condensation 
thereof. 
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^5A5 :i i: t> !9 > ^fet^fiNaaO — ZrOg (TiOg) — SiOg^ 

niiw^^ (I) f*^ ^(DW^mKi:,-oxm.mmuPf (j) 
(K) \^^n^^ki)^x^. )i).y\-^fi^fhmm^v^-<^o 
i^mm\^^\^x^ mmuPc (d t\^x\±. mmmufA (j) <^^^ 

i:(i#aM^^^«3t#: (A) ^^^W«itfls: (b) i: (D 
j^^e . i^^mxm-^ b<.^v^5^: i:;05-^^^;5o 

Tt>j;<. ^mi^M^^m^^w- (A) . (B) t(Dmm^ 
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5. 1 MllliWW (J) 

( J ) fi. ft $ 1 ~ 1 0 0 0 ju "fi-cti 5 ~ 1 0 0 M 

@Slli#^^ (J) i: bTfi. :^^9^mmm (M) (L) 
:d5$f^bv^o ;?f^^M|||i (M) fi. :ffv:^mm^'BW-t^ts:}fVxn 

(L) f±. I^^SiSSr t>o^^lEB/^lili-efcoT. ^ =7 V ^ 

oV^Tfi^ E# 0. l~3/ini, ft$l~20Aim^r:^^^^^^t5~ 
l 0 0 . m\c 10 — 50 (omMxm^(Oii^W^ bv^„ t? — 

TKe^mr/l-S: ^'fl^<5r-t'». KgO - 6 T i O2. if^s 



43 

[RjJt$-^t § icfi, *Si-OHS^(0 ^;^7 5/:^y nItg/^'g' 
tl*yas#:i^i-:5<^:^s^f ^ bv^:^s^ (L) J;IOV^T%^ffi%^ 

(B) (D-a-ti-Sft 1 O 0m*lfP^3:^bT 1 ~ 7 5 mft$i3<^f£ia-eM 
^^M^IS'^^jtft: (A) ir^^^^atfls (b) (DM 

5. 2 ftmtW^ (K) 

^mmum- (k) s^:*^! omm^JA±^ 0* b < (iisi^itii-efe 
^•^ ^ymmm^^^v :^mm. ^■r:h:ff9:^mm-^^mmmmmmi:^ (a) 

tiCO>as5Kft;^^<Z).'^;6^b0^ bV^o ;^^;^|||i#fi. 3 ~ 2 O /i J; 
I9i!f^b<fi. 9 ~ 1 3 mOfgffiT*]g^(Z):e)S0^ bV^„ r<D#;a5 3/z 
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C>f^— ^te:±iBLfc=it5t#: (A) . (B) (D 
^D^i-V^L. ^fc. 3 0 0 /z m%S;tT t>I^(Z){H^jg:$a:^S^§ < D 

^:ff'7:^mmmti.x(D^m(D3mmi!)^mifhth^o :l(d^x. ^9:^ 
mm^mmmmt L-xm\^^?>m'^\ca^ m-^mm. ^m^'^m^m(D2 
mm-A^^mxh^-3!)^. nm(D^mx+i$^f^mm^mmir^fz.i^Ki±mm 
mm^m^^^^^tt^x^^m^^m-^m-^ bv^„ 

^m.mm(om.r>:)5-f)^-h^ii^^ :^mmx\±^\^wx:^<omit(Df^}b\^^m^^ 
*f^Lv^„ ^fc. w-B.m\^-^\^x-:fx:iYi^Bm\M9:(DBm\^(om.m:h^'p 
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m^ti±. ^'7:^mm^ 5 o~ i o o o^m^mi^\^xmv ^t^nt^ 

ti(D-efe>9. :^^©#^^T e X ^ 5 o T e X O^fi (± g / 1 0 0 0 
m-efcl9s 1 000m^<9 (DWMXh^o iUiMt^^^it 3 ~ 5 0 T e x 

*fc. 5 0 T e X ^M;tT^i:7°n h ^^-fe^ttm ^Cjg b iTc^l^il CO S# ^ 
^SJ4 4 0 ~ 2 0 0:2^/2 5 mmiliI<^^H-eaifitt'5o 

^m<^(om^n. ±m\^fcitm\^^oxm},t^^-^fh. jim^mx(D 

5 0 g/m^. 0^ U<fi 15-25 g /m ^ OfSHT-® „ 

J; 9 (K) m^it^ mmmun (j) <^j;5t^ 
. hht^ci^^mmmm^mm^ (a) , ^^#«jtft: (b) (Dmm^ 

«i|||i*t3^4 (K) S:m^i"5^ci6^^:f±. r (7) i 9 ^-i/- h^^i: bfcft 
mmum- (K) ^zi^L-C. (a) , ^^^«5t#: ( 
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b) ^4m-mmmmt^^-^^i.. t>omm^m-t^i^^mmmi^ ( 

5 bfcm;!][i^i: LTf*. Mx.f*. i ) ~iv) tzii^i- J; 5 % <^ 

^ o ) > 
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) ^ -6 o 

1) ^Komm 



48 



3) ^3 GOMlf^ 

4) m^comm 

^4(^X@ : #e)ti.fc5g1S#:4'©/NP y^^KSr^/^;i^^^mS^C«^^-t- 
7. 1 ^lO^fe 
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mmh^i'i^ (c) tmm^m^h^m (d) t^-^m-r^m^m-^mm'^ 

(B) ^^:t@^■t-SM5^;elSffiv^ b^^o 

m)^-t^o :ztin—^^Ks o i-ge 1 mt\pfi'£ti^:l7m-Vh^o 

. fe ;5 fiit * if o ^M=2 ^ ^ 7^-^ L fc i; 
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m^^m'mt^'-^ (c) ^m\^^^::i ttm^-^^h^o 
^m^i&^3&.±^i.x\^^^^mm\:.'^^(Dmt\^xi:^. i, 3, 5 

-by^ ( ^ y >>> n a p /v^^/k) —2, 4, 6 — h V 

b y ( p - h y iJ' a n y yk-7"n t:°yl/::7 oi::^/!^) T 5: h ]) 

mh\.xm\^^z.iit^x^ ^h\c^ 1, 2, 4 - b y If c:^/^^^^^ C2 

^=^i^^^s hyry /^r 5: ^ (V^-r;^t>A ldrich)^j3:^bT. 
ii:^^^^^^^^^: UX>^V^, h y i/, v'T/i^^i =3f->;xr 

5 y ^^^b-cv^sm^^^:{*> m^\±3- b y ^ h^i^v-y /i-^n tv^ 

Si^^S^^-r^^^-a^J^ifi 3 - h y har-jxi/y /u-i^n y£;vr% ymh(D 
4 ^bTv^5$^1^t4'^b^#J{i^ 7" h y /i-iy^ >^ (g e 

1 e s t a) , 7^ h ^ :/ ( A 1 d r i c h |±) (Z5 t K n y 

y ^ismia ufc t> if t> -a^^ 5 v^ (± A^wt^T' 6 o 
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CI. OCHg, OC2H5, OCgHs, OHXf^OCOCHaScDV^T 



fetL. tf:^ ( b y b ^iXi/ y yl-oz^/l.) -O'-^^^'fji, Ge 1 

e s t t± !9 r|ilS$tl.TV^-5„ 

rtLbc^'fb^t/©f^> li^Mttib-a-i^ (C) ;0S^(D5S: (8) 
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(R^)n (R^)n 

S^*L^ R^fiCK OCHg^ OCgHg^ OCgHg^ OHXftOC 
O C H 3S(DV^-f tL^^cDS^S mfi 1 ~ 3 0 CO^^Tfc !9 . n 0 

) ^ t^;^ ( h y 3^ b ^-iz-^ y /u) / -ri^i^io e i e s t ^±X. t) 
iyy/i/) ^ ^-^iSA^^^-trfe ^) . b < fflv^;5 r i: ^ 

1, 3 -^^'iJ' 1 , d-T'A-J^^'. 1, 1 3 -7" b 

1, 1 5 ^J^^y, 1, 2 1 - K=Ii^i;?^:/f^ ^'^^ t K 



53 

S o 

1^ >- m f b Sr ffi V ^ T t> J: V ^ „ 

^KD J: 5 >^ii^n=3f-f-^^f[^^ij^^ b-Cfi. lik(D^ (10) -e^^ti^S 



(^tfr^ R^^, R^^i-X?^^/U, a:-^;V, -f U \f ;V^\%-7 

^(iC 1, OCHg^ OCgHg^ OCgHg^ OHXfiOCO CHg^tDV^-f 

mf* 1 ~ 3 0 <7)^^-t?fc "9 . n 0 , 1 2 OV^T 




(10) 
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^ if ^S-^ ^ tf b ti. 5 o 

:^'f-/u-yx:i^-^:y^M^i^. :^V^^^/i-?i h ^ >^ n -y- >- if <^ tf - 

mmM-^mm^it^^ (c) ^^(d^ H d -rr^^tb^^b^i^^it 

-To 

( ^%=ir^\ ' — 0— f| ' -0 tl^l ' — ^R') 3-n (1 1 ) 

( CHg) n CH3 ( CH3) n 

i^f^. R^fiCK OCHg^ OCaHg OCeHg OHXfiOCOCH 
n2 (D\^^-rM^Xh^. ) 



55 



D) r ir^ss^-rfe^o ^S^^'fb^^ (D) fi, ^S^^BTt^^^ 

^(D^ (12) -e^^tbS'fb'^ii^/js^tf bti.So 



CI, OCH3, OC2H5, OCgHg, OHXfiO C O CH3S<^V^T 

mm^^mmit (b) ©tgit^ss^ (6) x^^^ti^mm-v^h^m^K 
Mf:^^ir^mm^mn<Dmm^mit^^ (d) nkco^ a 3) (d 



S^^b. OCH3, OC2H5, OCeHg, OHXf^OC 

O C H3£(^V^-r;^:^^(^)£^^ b. X{i7k^> T/i-:fyV^ms Tjv^jv 




(12) 



(R%:;rSi — fcHj]^S03X 



(13) 
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n fi 1 ~ 2 0 (DS^-T?fe6„ ) 

Ge 1 e s t & J; 19 r|i|S ^ tl.T *5 «9 . A^;e)5^aT*# 
^it. m^^^h^m (D) (i, M;t.fS#§BBS 54-13852 2-^^ 

# (>i^is#fF^4, 1 5 2, 1 6 5-^) \c7^-^fL^^t^m-hii?m\^m\^^ 

§ ^ i: 5c 

(c) ir^-^^^b^i^ (D) (Dm^it^ f*. #^^MPS{*^^v^ 

^Mtifk^^ (c) ^b^im^mxh^ m-A^-h^<t£^. m^m^f)^ 
mmtfj:^. ^mmmm^mmmt^^ (c) ;os9fij^^x.5 ^ 

ts:m^(D (A) , (B) (Ditm^>^]^^ir^, 

c) .^^K'^W'fti^tj (D) mmK}t>\^x^miS:mM (g) ^ 
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ffiv^T^ij:v^„ mmumm (g) ^mmmm^mmmt^m (o 
^ (D ^ ^ f^mmi^mM (G) ^ bT(*. v^/k=i^r>A, r/i^ 

^^-^ n c:^ r> A , ^ >:> A (7) (^7. v^. b y . xh^) r/i- 

^14-$xi;/^^jc^Li: 5 om o 1 %j^T<^)^;bnfti:-t-5 ^ t-^^tt}-^ uv^ 

o 

rtbb^i^lf -Eii^ij (G) (DMi^^ts:mt i^xn. T h^^h^z^-^v 

^->'^>'7>'^ ^'^ n /r^-'ft: i/^ -T" h 7 ^ b ^^f- v'^ X b ^ — V 

v^/I/::i^i:7Av" b ^ i -:7"n7K=3r-> K. v^/l^ =3 - r> a 7" ^ 
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$i^1t{Eit^y (G) f*. (2 1) T^^tlS^B^K^^^Itt 



c) . ^^-^^-fb^i^ (D) . ^ b^-(±^^{Ejt^J (G) Sr?ii#i-sm 




(21) 
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tX^^y^/^-^/^ ( s o 1 - g e 1 ) Rjt^-^^^nt^ti^o 
(o'^^ik^^m^x J;v^. 

$ b *IS§^<Z)B 1 <^^?fe-e(i, Ig^xmtr 1 0 0- 3 0 0 °CTfT 

5/0^. fe^ VM*. H 3 <7)xm(^f^. 1 0 0 ~ 3 0 0 'C-e^— v^:/:^' 
:^mm(D-yx:t h'^^m^kl^^. l O 0°Ciy.±(DJftM-effiV^;5«^ie:{i 



61 



^X@^^0^^ 1 0 0~ 3 0 CC-efroTts j:V^L. ^lix^^, m 

5 ~4 O °CX- 2 mmSi±-^'^i-fX s o 1 - g e 1 mit ^(D^t- 1 

0 o°c~3 o o'ccQxg^fToTtj ctv^„ MWii^^ns m'^(omM\^^ 
^Mm(Diih.. m^i^mMm. mmmmMms ■^'1'^^^^;?]^il^^^^^v^ 

7. 2 ^2 00^^^ 
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^mi^w- (A) b^^mm^^w- (B) b(Dn^^^t$t\^o^w^mtL 
^n.^m^'^^wi^m (d) \z.i\^<,Xy^;v-fy-:fYm^mi\:.^m (e) 

«3t#: (B) ^#^;ii:;a5-e^So 

R^f^CK OCH3, OC2H5, OCgHs. OHXttOCOCHg 
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^ /Ty:^':^ hm^^^t^s^ (E) it, lk(D^ (15) X-^^fi^it^s^^ 

(R'"W?' (-CH2-)TrSH (15) 

K^*b^ RM±C1^ OCH3, OCgHg^ OCgHg, OHXfiOC 

O C H 3^ov^T^;0^<^£S^^ mf^O. 1 X 2 o v^-f tT.^^"e <9 

. n 1 ~ 2 0 (^^^-efe So ) 

o 

m^\t. ^]}-^ — , ^y — (DMi: U-Cfi. 5C (16) <^«3t(^t> 



64 

SH 

(cHg) m 

r'o— (-Si-O^-n R' (16) 

R 

(^^^ R^f^H, CHg, C2H5, C gHyXtiC 6H5SOV^-f 
S%^L'> R'^fiCHg, C2H5, C3H7, CeHg, OH, OCH3, O 
C2H5S OC eHsSXfiO- S i ^'a'<^V^T^^^<^SSr^b> mfil~ 

2 0(DS^> n 3 ~ 5 0 0 ) 

^ (16) ^<DK^i!)^^^hyl<>mm(Dm^i^n. y 
^:Lt ;5fc4e>. j; 0^ u< ffiv^;5 i: ;5o 

^fc. ^ (16) if'tT^nf^SSJ^JD^iS^* bV^<, -^oaSibTf*. n 

^ttfb-a-i^ (c) i:©^s:^tt:iMgTb. i^—t^m^j^^^-r ^ :i t :^^mm 

3 0 0 &.T(D-h(Dti^U'^ bV^o 
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^ (16) «fi(DR^:dSo CHgKT*? «9 . m;e»5 3 T?^ . n 
1 0 (Dh(On^ itMv^y — ^%t: j; "9 rfT|g$tLTV^5 (X - 4 1 - 1 8 

0 5) c 

:i<D:tV ^-^ — n-^^ir^ r. i: ti^^-Cfe <9 . M;tf^s J o u r n a 

1 of Polymer Science, Part A, Po 
lymer Chemistry, Vol. 37, 1017M(19 

9 9) ^(D^^:^m-^^m^^tix\-^^. ^(D:jjmi^^^ mnt 

bTBtr^Ufc^ (14). (15) (D?^ /V-^zf Yit-^S^-^Unt LTffi 

5|Sf i: LT. ^^(DX'^tm^com.^.K X. f9s ^ (1 6) •^•(DR^idSCHa 
S-eS)t). m^OSSTfet). n 3 ~ 3 0 0 (D'ft::'^i^Sr#6 r. i: . 



R^fiH. CHg. C2H5. C gH^XfiC eHgSt^V^TtL^ei^C) 
£^^L. R^flCHg. C2H5. C3H7. CfiHg. OH. OCH3. O 
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(DgifeSl?fcl5^ mfi 1 ~ 2 0 C)^^^ n 3 ~ 5 0 0 . 
n + X 5 0 0 £^T<^S^-efe5c T'i^o, ;^ bS^-^tP^^ h 

t>J;v^„ ) 

^il-C. ^ (1 7) ifi<Z)R *;6So.C HgSt?*) 19 s m:el53-efc^9^ n + 

X 1 o (Dit^mn. ft^v' y 3 — ^-tt^^ b A^-e^ s (X - 4 1 - 
18 10) o ^^b<^'fb;^fef^> Strat bfc::fcS^^##i3:. 1S^<DT/v=r 

tb5o ^<^xm^^:*5V^Ts 7«/v;(7:7" h^-^^ftl^^? (E) Sr-^Ayfc)^^^ 

. **7K. iikm.mmmm.. ^i^m^mmm.. iii-^^^;^^^;^ y 
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T^^.%^mm) i)^itm^MWL^^^^mu^'m^hi\^^h 0,&xh^ ^tt^h 

wtLxi-i. iNmm'^. 5o°c. imm. m^m-^^^^:iumf^if-A^ 
7. 3 fB3(Dmm 

^^it^m (F) i: ^-^^-f-SM^^^ffi^i-S^ 1 <7)XfM^ . -^^^ 
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^ o 

:^mm(D-^n h^'-mm^^jmns mm\^±^^Ks m^^^. ^mmmm 
^m^^Pf (A) tm^^mmi^ (b) t(Dmm^^tst\^^o^i^^mfc 

m\i^m (c) ^LTfi. sfraibfc^i. 2(Dmm(Dm'^tmcit^^ 

(B) (^M3|sf i bXfi. ^ 1 <7)i^fe(^:^^Jc:^V> 
biHS^K^^'fb'a'i^ (D) Xfi^ 2 bixs 
:7" bS^^'fh^i^ (E) ^^ftt)oT:!Ky KS^^fb-a^i^ (f) 

(B) 

m.^m^^i>^ 2.m<^f^f)^^fz.^^:^/^y (-s-s-) siigo 

^as^^^^i^;^/^:^^ (- s - s -) . ^ b K£ (- s - 

S-S-S-) :?>s0^ b< fflv^5 i:;as-e^ 5o 

y ;=!./i':7 ^ KS-g-W'fb'^ti (F) y /i^ :7 ^ KS^^L. 
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m 



R 



(18) 



S^Sb. RMiCK OCH3, OCgHs, OCeHg, OHXf^OC 
o ) 

(c) t (DK^£;ttSr%it-t-S i: > ^^M^m^^^f ttfb^t? (c) 
llI?f^S^^i-5. (19) T^^^tT.S'fh^il^^ J: "9 b< ^ 



^^L. RM*C1, OCH3, OC2H5, OCgHg, OHXfiOCO 
) 

71^:7^ KK-^^fb^#> (F) ft, ^69^ (2 0) -e^^i^a-ft:^ 




(19) 
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(R^siiT f ' -f CH^RMcHzin— S i "(r') 3-n, (20) 
(RMm (r% 

tVi/X{*:7 — /i^S^V^-f ;i^^^<7)S^^ R^fiCK OCH3, OC 
aHs^ OCgHg^ O HXf±0 C O C H 3K(^V^-f tl./5^<7)^^* m 

0^ 1 Xf* 2 <DV^T;i^^>(^)K%^ n {± 1 ~ 6 (D^#:-efe§o ) 
^<Dss:-e^$ tt5fb^#){*> miS$tLT*5 ^9 . tf:^ [3- ( 

f ij 3^ f dr v-v- V ;V) -fn \f ;V'\ T V ^ ^ K (G e 1 e s 1 

S I B 1 8 2 5 . 0 ) , \fy^ [ 3 - ( h y b ^i/iX ]) 7V) -:fu 

(ftSi y =1 — ^tts KBE 8 8 6 B) if :as^p b tLT 
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<^$n5o r c^xSteiSoV^T. >° y ;^/v:7^ KS-^^'fb^^ (f) ^-^ 

T;^/^:^^^®^ 1 o;0S#b;H6;0^ 5^ (19) . ^ (2 0) T?^bfc?F^^ 
:i(DtL^^ ^(19) :S:t>* (20) T':^ Lfc?l^]^(D7K P :^7l-:7 ^ 

^^-fb-^^j (F) ^fflv^5m^^^:«. ^mmmm^^^mmt^m (o 

irTKy :^;vy ^ Y^^^ih^m (F) <^m^i;b 9 5 : 5 J; i^::^^ b ^^-fs 

i3:*^^'^Ufc;^mj|^^^^i-^^aM^1S^^1t'ft'fb'^t> (c) i:. 
li^litiv^y /^S^Wb:^^o^Nn<^~>-S^Wi-§^^t^^'i/S-^^'fb^^ ( 

H) ^ sr-^^-f-^M^^^ii^i-^ii 1 (^x^i. •^i^.^Min-rs^ 2 
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KS-^W'fb'^ife) (F) i^-fttJoT/M^^":/^^^!!^^^^ (H) ;55ffiv^b 
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nic Syntheses Collective Volume 
2 (1943) , 558H^&tJ«56 4 H tZl^ $ tbT § ©^J^C 

(R^Wfi (22) 

^ R^fiCK OCHg^ OCgHg^ OCeHg^ OHXfiOCOCHgS 

^^'l^m^^it^^ (H) 7^(D^ (2 3) XT^^tl^^t^m^ ^ 

(R%:Srf'-(-CH2-)-n-X (23) 

K^^b, R^fiCl, OCHg, OC2H5, OCeHg, OHXf±OC 
OCH3SOV^-f;^;0^(^S^S b. X C 1. B r Xf* I (^V^-rtt:?!^^: 
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^b. n 1 ~ 2 0 OSS^^ mfiOs 1 JLi^ 2 (D\^^Tth7:}^-r:^h ^ 

o ) 

v^^:/^ n o p« 5^/1- 7« 5^/1^ v'-f y :7"n 7jf=3r>^v'^ ^ n x:i ^ ^f- ;V }^ 

^h'¥v'v^^>-> 2 — ^ u X2 aiL^f-zu ^/Ui?^ V2 u ^7 y^ 
:x.^}Vyt- ^f'jv-J':^ Y ^ v'v'^ 2 — n n ai^/u h y p n ^ 
2 — ^ n n ^f^/i/ h y ^ ^ v^-i/^ 2 — n n a^^/k h y p< h v- 
3 — ^ n n tVl/v^^ a n i/^ 3-^nn:7°nt:° 

h=3ri/>^^:/^ 3 — a n :/a tVi^^ n n v-^ ^ 

. 3 — ^ a n tVl/p? ^/u-i^^p? b ^ 3 - iJ' n n :r n fcVi^^ 

ci^cn/k^^^anv-y:/^ 3— ^nn:7"at:Vv-h]Ji^anv'^>^^ 3— 
n n tVl/ h y 31 fs ^%^^y=yy^ 3 - ^ n n tVl^ h y 7« b 
=7l^^ A — ^ n wf^;V^J> J-;V^ xivil/=7 y ^ -f xn. ^ :^ =f- ;V -J^ ^ ^ ;V 
^uu-y^y^ 2 — y^^a^^^/k h y iJ^ a n 3— yn-^^nt" 

/l^ b y ^ n n ix^ 3 - tVl/ h y b ds^^>'^:x^ 3—-^ 

oni/^>-, 1 1 -':^x:i^f7 >^^iy/u h ]) ^ ^ ti y, ll-y'u^ 
t7 i^'f^yjv b y y y^iy-yy i^s 3 - a — K:7"n b y y h ^-^1^=7 
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CH=CH-(cH2-|n-Br (24) 

(n fi 1 ~ 1 8 (DS#:-t?$>;5o ) 

$ b -tL^jCDfb^fe^t&aiEfZ^lSrfife (Journal of Po 
lymer Science, Part A, Polymer C 
hemistry, Vol. 37, 1017M(1999))/£,Jf(?3 

-^^ (H) Ayfim'^mit^ ^^^&i!)^:^/\^T^>'m.^h^\^\-i^7v 

^(om^Rmxn^ ^^o^'^^K-^^fk^i^ (h) ^-^^fci^^^t^^. 
mmmt^m. m^\-t. mmm (tK^^S) . b y maj^^ 
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5o ^J^F::^?if'±N Mil! Ufcj;5t^> Organic Synthese 
s Collective Volume 2 (1943), 558M 

^ (2 2) (2 3) -e^Lfc?f^^(D^^^^■>'S^W'fb 

^#1 (H) ^fflv^5^^^^:f±. ^mMam^^S^ffifb-a^i^ (C) ir^^n 
^ly^^^it-^m (H) : 9J;t9:/n h ^{H^'lii^^t^ r ^ 

(^^1 comfit 5 r UV^„ 

7 . 5 mmuPc ( I ) (Dm^i\:,:^m 
m^\^. immun (d t^^^'7:^m.mm (m) ^^^y^-^— (d o 
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(A) tm^^mmi^ (B) CQ-a-H-fi*! 0 Ofi»$Pic:^LT 1 ~ 7 5 

mmun (k) f*, m:^i-£. mmmum- (j) (7)^:5^3:. fefo^^c^w 

mmmm^mm^ (a) . (b) (Dmrn^m^i^xhi^— 

-h^tvtzL^mmum- (k) i^i^lt. waM^^^-a-^jt^: (a) , 
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